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1  Background
At RAN4#43 in Kobe, the LTE channel model definition progressed well. There were several inputs discussing the way forward for defining channel models [1,2,3] and a final joint text proposal was agreed for the technical report in [4]. The following was agreed:

· A set of three tapped delay line models with low, medium and high delay spread: EPA, EVA and ETU.

· A set of three Doppler frequencies: 5, 70 and 900 Hz (low, medium and high)

· Four combinations of delay spread and Doppler frequencies

One open issue in the agreed text proposal [4] is how to define correlation matrices to use in multi-antenna scenarios, including SIMO and MIMO. This contribution discusses the options presented in earlier contributions and possible ways forward for defining correlation matrices.

2 Discussion

Two main approaches for deriving correlation matrices have emerged in the discussions:
· Correlation matrices derived from Spatial Channel Models. By choosing specific antenna configurations and fixed angular parameters, fixed matrices can be derived as proposed in [5].

· Fixed “artificial” correlation matrices that are selected to stress certain receiver properties based on e.g. low and high correlation “corner cases” as proposed in [6].
The matrices will in the end be used to define performance requirements at the antenna connector. It has therefore been argued in the discussions that the approach based on antenna configurations is not consistent, since the actual antenna on a UE (or a BS) may be very different from the one used to derive the matrix. Using antenna configurations and angular parameters also leads to separate correlation matrices per path in the delay profile.

Artificial matrices do not reflect “real scenarios”, but instead represent average conditions. It is argued that they can more easily catch corner cases such as low or high correlation. They are also conceptually simpler, but from a computational complexity point of view (in simulations), they are not different from SCM based models.
Exactly how the matrices are derived is not really relevant for the final specification, but there should be a limited number of cases and they should be simple to apply. Fixed matrices based on two corner cases that are identical for all paths have an advantage from that perspective. The matrices should also have a mapping to the agreed delay profiles EPA, EVA and ETU with a very limited number of combinations.

2.1 Fixed matrices for SIMO

For SIMO requirements such as antenna diversity, simple corner cases are a preferred approach. As a first case, a low or zero correlation matrix is a straight forward way of stressing the receiver under near peak data rate conditions.

In addition, a high correlation case would be useful to ensure that the receiver can gracefully cope with more challenging channels. Such a case could either be based on correlation, or on power/gain imbalance, or on a combination. Theoretically, one can transform a high correlation channel into an uncorrelated channel with a gain imbalance using a unitary transform. A simplified approach would therefore be to only consider a gain imbalance. 

2.2 Fixed matrices for FRC-type testing for MIMO
For MIMO requirements based on a Fixed Reference Channel, similar to the FRC requirements defined for HSPA MIMO, it makes sense to also have fixed correlation matrices. Also here, corner cases should be used to stress both the high data rates and more challenging conditions.

The matrices could be derived in an “artificial manner” or be derived from an SCM scenario restricted to just a few cases. A pragmatic approach would be to take two “corner cases” from the set of dynamic matrices derived as discussed in Section ‎2.3 below. That could also be a way of implicitly including a case with polarization.
2.3 Dynamic matrices for CQI/precoding vector report requirements
The options discussed in RAN1 for the Physical layer include codebooks tailored to different channel conditions, including correlation, polarization and spatial separation. The final scheme is not settled at this point in time, but UE reports of CQI and preferred precoding vector will be an important component. A requirement to verify the reports will be needed in a way similar to what has been done for HSPA MIMO.

A dynamic requirement to verify the reporting could be design in a way very similar to the HSPA MIMO requirement as outlined in [7]. Such a requirement will require a set of different correlation matrices, where each correlation matrix matches one code book entry. The matrices can be derived with the principles outlined in [7], with some possible modifications depending on the exact scheme chosen by RAN1. The matrices would then be more tightly coupled to the physical layer definition (code books) and the CQI test set up, rather than based on an antenna configuration scenario.
From the resulting set of correlation matrices, a limited set of “corner cases” could be selected for the FRC requirement as described in Section ‎2.2.
3 Way forward
Based on the discussions in RAN4, a pragmatic way forward regarding LTE channel model correlation matrices could be to define

· Two simple SIMO correlation matrices, one uncorrelated one with 0.7 correlation (possibly derived using an uncorrelated matrix with 7.5 dB power offset)

· A set of MIMO correlation matrices for CQI testing, where each matrix matches a code book entry for the MIMO scheme

· Two MIMO correlation matrices for FRC testing taken from the set above, one with zero and one with high correlation 
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